WITH CHILDREI?! R. C. Atkinson, R. Calfee, G. Sommer, W. Jeffrey, and R. Shoemaker Stanford University and University of California, Los Angeles A central issue in many current theories of learning deals with the problem of predicting behavior in the presence of a new stimulus compound that is constructed by combining component stimuli on which the subject has had previous discrimination training. As an example of the type of problem we have in mind, consider a situation where on each trial a subject is required to make either an Al or an~response. If, after training, he tends to make Al with probability Pt on trials when a tone is presented, and with probability P£ when a light is presented, then what will "be the probability of an Al response when light and tone are presented simultaneously. Obviously the probability Pt£ of making Al to the compound stimulus (tone + light) will be at least partially dependent on the values of and In terms of general psychological considerations there are several plausible functions relating P£t to and the purpose of this paper is to determine which of these functions provides the best account of data collected in a prediction experiment using young children.
The experimental situation involves a series of 960 discrete trials for each subject. The trials are of two types: learning trials and test trials. Learning trials are initiated with the presentation of one This research was supported by the National Science Foundation (Grants 10041 and 24264) and by the National Institute of Mental Health (Grant MH-05184).
of three distinct stimuli; these stimuli are denoted and
The subject is required to make one of two responses (~or~) and the trial is then terminated with either an E l or E 2 reinforcing event. The occurrence of E i means that Ai was the correct response for that trial. The schedule for presenting reinforcing events on learning trials is specified by the parameter rt i ; when is
presented an E l occurs with probability rt i and an E 2 with probability l-rt .. Interspersed among the learning trials are test trials. On test trials one of the following four stimulus compounds is presented:
is required to make an Al or~response to the presentation of the compound, but no reinforcing event is given.
We shall consider three models that yield predictions for responses in the presence of a stimulus compound. Let Pi denote the probability of an Al response to the presentation of s.; p .. the probabilitỹ~J of~to the presentation of the compound (si+Sj); and P123 the probability of Al to the compound (sl+s2 +s3) • The three models to be considered are as follows:
This hypothesis is derived from models of discrimination learning proposed by Burke and Estes (1957) , Schoeffler (1954) 
and is the probability of a correct response where c i = Pirri + (l-Pi)(l-rr i ) (A1Elor~E2) on a trial on which is presented. Here we assume that the influence of each component of a new compound is proportional to that component's relative likelihood of eliciting a correct response on previous trials. For example, if has elicited more correct responses than s2 on previous learning trials, then the response to the compound (sl+s2) will be more influenced by the sl cue than by s2' The present hypothesis can be derived from an observing response model (Atkinson, 1961) or from a perceptual process model for discrimination learning (Atkinson, 1960) . Again, as for Model I, we assume that with weight l-w there is a tendency to regress toward random responding in the presence of a new stimulus compound. Experimental design. --Each subject was run for 960 trials. In consecutive blocks of 96 trials, there were 72 trials where sl,s2' and occurred equally often; on the remaining 24 trials the compounds (sl+s2)' (sl+s3)' (s2+ s 3)' and (sl+s2+s3) occurred equally often. Thus, for example, in every 96-trial block sl was presented 24 times and (sl+s2) was presented 6 times. Otherwise, the presentation order of stimulus events was randomly determined for each subject.
Three main groups were run. For all groups 1 and
The groups differed with respect to the value of n 3 . For Group 1
for Group 2,
Procedure. --For each subject one of the three signal lights was randomly designated sl' another and the remaining one s3' The subjects were read the following instructions:
"This is an experiment to find out how good you are at guessing. It may be very much like other guessing games you've played before. Take a look at the board in front of you. One or more of the top lights goes on every few seconds. Also note the two buttons with a light over each. When the experiment starts, and one or more of the top lights goes on, you are to guess which of the bottom two lights will follow. You do this by pressing the button under the light you think will follow. If you think the left light will go on, press the left button; if you think the right light will go on, press the right button. Remember, as soon as one or more of the top lights goes on, press the button on the side on which you think a light will go on, and see how many times you can guess correctly. Be sure to make your guess as soon as the top light or lights goes on. If you are right a light will go on over the button you have pressed. If you were wrong, a light will go on over the other button. Try to make as many correct guesses as possible. Sometimes no light will appear over either button, but still you should have made a guess because you may have been correct. You will not know which one was correct but we are still keeping score. Now be sure to press the button as soon as the top light or lights goes on and try to get as many correct as possible, but be sure to press one button every time. Are there any questions?" Questions were answered by paraphrasing the appropriate parts of the instructions. Following the instructions, 240 trials were run in continuous sequence. This was followed by a 5 minute rest period. After the rest, an additional 240 trials were run. All subjects were required to return the next day and another 480 trials were run with a 5 minute break between the first and last 240 trials. Thus each subject was run a total of 960 trials.
On all trials the signal light(s) was lighted for 3 sec.; the time between successive signal onsets was 6 sec. The E I or E 2 light In contrast, the differences among the three groups on the P3 measure are highly significant (~37.72) reflecting the effect of the rt 3 variable. Table 3 . Observed proportions for individual subjects in Group 3.
Theoretical analyses. --We now turn to the problem of predicting P123 in terms of Pl'
(for all three models) and the compound probabilities P12' PlY P23 P2' and P3' As indicated earlier, we assume that there may be a regression effect associated with the introduction of a stimulus compound. This regression effect is defined with regard to the parameter m, and we must estimate m separately under the assumptions of each model. The estimate of m was made for individual subjects by a method that is equivalent to a least-squares procedure.
specifically, let Pij(m,I) be the prediction for stimulus compound Using precisely the same methods, we obtain S(II), and w(III) for each subject under the assumptions of Models II and III respectively.
Individual estimates of wand the corresponding minimum value of S(·) are given in Tables 1, 2 Possibly a better comparison is provided by considering the three models pairwise on S(·) for individual subjects; Le., comparing Models I and II, then Models II and III, and finally Models I and III.
Again these comparisons can be made by inspecting Tables 1, 2 and 3. Tables'1-3) and the averages of' these values are presented in Table 5 . An inspection of' Table 5 In evaluating the f'it of' Model II, we also are interested in the estimates of' ill. In f'ormulating any of' the models considered in this paper, one would assume that ill is determined by the general characteristics of' the experimental situation. However, althQugh ill may vary f'rom subject to subject, nevertheless it should be independent of' the particular reinf'orcement schedules employed. Thus, f'or the present study, one would predict no dif'f'erences in the mean values ,of' ill over the three groups. B,y inspecting Tables 1-3 we note that the average value of' ill f'or Model II was .721, .616 and .595 f'or Groups 1, 2 and 3, respectively. An F-test on these three groups of' ill estimates yields a value of' .68 that does not approach signif'icance with 2 and 45 degrees of' f'reedom. 
